Basic holographic characteristics of a newly developed panchromatic ultra-fine grain silver halide light sensitive material for RGB recording of reflective holographic screen for auto stereoscopic 3D display are presented. The average grain size is less than 10 nm which ensures a large dynamic range and high resolution, diffraction efficiency and signal to noise ratio (more than 100:1) in RGB reflective holographic recording. The decrease of the diffraction efficiency in reflection holographic recording of scattering objects is less than 30% from the maximal values for specular reflection. The analysis of the color characteristics of the reflective holographic screen for the needs of an auto stereoscopic 3D display with single and multiple viewing zones is presented on the basis of so called "sandwich" structure of two layers for separate holographic recording in blue, green and red spectral regions.
INTRODUCTION
Although the convergence conflict continues to be a serious problem of auto stereoscopic displays, the recent years marked a substantial progress in their development. More sophisticated and improved screens as lenticular lens sheet type, convex lens arrays and holographic screens are under investigation. [1] [2] [3] [4] . The inherent property of a holographic screen for an auto stereoscopic video display is the possibility to create high resolution "hybrid" systems and to combine different diffractive optical elements in a large image display with multiple high quality viewing zones. For example, a 40 inch hybrid hologram screen is reported, which combines a Fresnel lens with a RGB volume transmission hologram [2] . In the described system, the 2D images from the "left" and "right" projectors form simultaneously the virtual images of the ground glass reconstructed from a hologram, which are converted by the Fresnel lens to the real images in the viewing zone. The influence of color dispersion and chromatic aberrations, which are typical for transmission holograms in reconstruction with incoherent white light, is decreased by a proper choice of conditions for holographic recording of the ground glass. A superior solution is to use a volume reflection (Denisyuk's) type hologram due to the absence of distortions and chromatic aberrations in white light "point source" reconstruction and better wavelength selectivity. The only requirement is to ensure reconstruction at those wavelengths that have been used for recording. Reflective holographic screens with one or multiple viewing zones for a holographic movie have been reported 30 years ago by O.B. Serov and V.G. Komar [8] . On the other hand, the expected advances in digital micro-mirror devices (DMD) could make possible realization of more sophisticated holographic reflection screens by implementing the idea of M.S. Ivanov who proposed to arrange a large quantity of micro-mirrors for creation of multiple viewing zones [8] . Reflective holographic optical elements can be used also as screen and color filters for reflective liquid crystal displays LCDs. This idea is realized in [9] , where an improved quality of images is reported with holographic recording on DuPont photopolymers.
Quality of holographic recording and holographic light sensitive materials is crucial for correct color imaging. The most appropriate candidate for creation of a large size reflective holographic display is the silver halide ultra-fine grains high resolution recording material due to its high diffraction efficiency, signal to noise ratio and sensitivity in the whole visual spectral range. The aim of this work is to present the recently obtained results in development of a ultra-fine grain panchromatic silver halide emulsion for high quality recording of RGB reflection holograms for the need of auto stereoscopic video display. The developed panchromatic ultra fine grain silver halide material HP-P was successfully used for recording of Denisyuk's color reflection holograms by CW and pulse (30-40ns) generating lasers in the spectral range 440 nm -660 nm, as well as for recording of monochrome holograms by temperature stabilized diode lasers at 636 nm, 658 nm and 672 nm.
EXPOSURE AND SPECTRAL CHARACTERISTICS
The average size of the silver halide grains in the synthesized by us panchromatic holographic plates (HP-P) is less than 10 nm. Preparation of emulsion for HP-P is based on the well known since Lippmann's time "double jet" technique without using "freezing and thawing" like in Slavich materials PFG-01-PFG-03C, proposed by Kirillov [6, 7] . The thickness of a layer coated onto a glass substrate is about eight micrometers. The transmission spectrum of the plates HP-P, measured by Carry 5E spectrophotometer is shown in Fig.1 . To measure the diffraction efficiency of HP-P, we recorded reflection holograms of two collimated beams under CW laser irradiation at three different wavelengths -442 nm (He-Cd laser), 532 nm (frequency doubled diode pumped solid state laser -DPSS) and 632.8 nm (He-Ne laser). Developing was made with the well known SM-6 developer with a composition: ascorbic acid -18 g, sodium hydroxide -12 g, phenidone -6 g, sodium phosphate dibasic -28.4 g, water -1 l . To obtain high values of diffraction efficiency the amplitude holograms are transformed into phase holograms by bleaching with the PBU-Amidol bleacher (Slavich) with composition: potassium persulphate -10.0 g, citric acid -50.0 g, cupric bromide -1.0 g, potassium bromide -20.0 g, amidol -1.0 g, water -to 1.0 l [9] . To compensate the shrinkage of the layers after chemical processing and to ensure reconstruction of the Bragg reflection holograms at the wavelengths of recording, the suitable swelling was performed before drying in a bath of 5% water solution of collagen hydrolizate for 5 min at 20°C. The exposure characteristics measured at the recording wavelengths are shown in Fig. 2 . As it can be seen, the dynamic range is 0.05 -0.6 mJ/cm 2 for recording in the blue (442 nm), 0.05 -0.5 mJ/cm 2 for recording in the green (532 nm) and 0.05 -0.75 mJ/cm 2 for recording in the red (632.8 nm) spectral regions. The spectral dependences of the diffraction efficiency, η, in the case of a single exposure made at each recording wavelength are given in Fig. 3 ; we see that we can expect values above 40% in the blue, 50% in the green and 60% in the red for reconstruction with the used recording wavelengths. The decrease of the efficiency in recording of light scattering objects is not more than 20% for the all used wavelengths, as is shown in Fig. 4 . The FWHM of the curves for the diffuse reflection is practically the same as for specular reflection which is due to the high signal to noise ratio of recording (more than 100:1), that is especially essential for recording in the blue region. The obtained results are promising for RGB recording of reflection holograms and for correct color balance in reconstruction with incoherent "point source" white light. As the dynamic range of the refractive index modulation for all bleached silver halide materials is limited, being typically less than 0.08 for BBVPan plates [10] and less than 0.05 for HP-P, in the case of multiplexing RGB holographic recording onto a single plate the diffraction efficiency of the individual gratings diminishes by a factor equal to the number of recordings in power 1.5-2. This is clearly seen in Fig. 5 which depicts the spectral dependence of diffraction efficiency of a multiplexed reflection hologram recorded with the three wavelengths. The decrease of efficiency is very high and not acceptable for One of the ways to solve the problem is to use the so called "sandwich" structure of two or three light sensitive layers for separate recording of gratings in blue, green and red spectral regions. The idea for a "sandwich" structure of two light sensitive silver halide plates -one for reflection holographic recording in the blue and green spectral range and the other -for recording in red, dated back more than 30 years ago. The good color balance in reconstruction with point source white light type D 65 and C could be obtained if the diffraction efficiencies of reflection holographic gratings are typically 50% in red, 6-11 % in green and 23-34 % in blue, depending on the absorption in the red region of the first layer, used for recording of blue and green holograms. 
REFLECTIVE HOLOGRAPHIC SCREEN FOR AUTO STEREOSCOPIC 3D DISPLAY
The optical arrangement for recording of reflective holographic screen with one viewing zone for auto stereoscopic display is presented in Fig. 6 . The set up for RGB recording of reflective holographic screen consists of three CW generating lasers -150 mW He-Cd for blue (422 nm), 2 W DPSS double-frequency laser for green (532 nm) and 70 mW He-Ne for red (632.8 nm) spectral regions. Removable beam splitters (RBS R,G,B ) and mirrors (RM R,G,B ) are adjusted before every individual recording in order to use the same beam expanders (BE) and spatial filters (SF) for each consecutive exposure. Two HP-P plates are used separately for recording of the "left" (L) and "right" (R) position of the viewing zone from the "sandwich" structure of holographic reflector during reconstruction - Fig.6 . To convert the virtual to real image the reconstruction is produced from the opposite directions to the recorded screen. The size of the viewing zone depends on the size of the exit pupils of the projection objectives. In addition, the viewing zone could be improved by recording of a micro mirrors array or a ground glass for recording of diffusing object light. The main advantages of the used ultra-fine grain silver halide holographic materials for auto stereoscopic reflective screen are the high signal to noise ratio together with the high values of diffraction efficiency in RGB holographic recording. The more than 100:1 signal to noise ratio ensures high contrast of the images in a large dynamic range. The reduced diffraction efficiencies in multiplexing RGB recording for creation of the viewing zone for the "left" and "right" directions of observation being 10-20% for the red and 5-10% for the green and blue spectral regions satisfy the requirements for the color balance and quality of auto stereoscopic imaging of real objects as shown in Fig. 6 . Diagram of color coordinates and color temperatures for estimation of the color balance of real objects. 1 -white surface, 2 -snow, 3 -white human skin, 4 -grey stone, 5 -sand, 6 -yellow flower, 7 -green grass, 8 -red flower, 9 -blue sky, 10 -lake on a sunny day, 11 -blue flower.
CONCLUSION
In conclusion, we have demonstrated the possibility for creation of the high quality reflective holographic screen with one viewing zone for auto stereoscopic 3D display on the bases of ultra-fine grain silver halide panchromatic light sensitive material HP-P. The same approach could be applied for the multiple viewing zones reflective auto stereoscopic screen, suggested by M.S.Ivanov more than 30 years ago [8] , before the development of LCDs SLM and the DMD technology. In every pixel of the screen, equal to the projected pixels of the "left" and "right" images, reflection holograms of DMD structure with micro mirrors driven to the suitable angles for the different viewing zones should be recorded, that bis an object for further investigations.
